Comment on "Spin Transverse Force on Spin Current in an Electric Field" by Bliokh, K. Yu.
&RPPHQWRQ³6SLQ7UDQVYHUVH)RUFHRQ6SLQ&XUUHQWLQDQ(OHFWULF)LHOG´
.<X%OLRNK
,QVWLWXWHRI5DGLR$VWURQRP\.UDVQR]QDP\RQQD\DVW.KDUNRY8NUDLQH
$<D8VLNRY ,QVWLWXWH RI 5DGLRSK\VLFV DQG (OHFWURQLFV  $NDGHPLND 3URVNXU\ VW.KDUNRY8NUDLQH
'HSDUWPHQWRI3K\VLFV%DU,ODQ8QLYHUVLW\5DPDW*DQ,VUDHO
3$&66T9ITG
,QD UHFHQWDUWLFOH >@6KHQGHULYHG WKHHTXDWLRQVRIPRWLRQRIDQHOHFWURQ LQDQH[WHUQDOHOHFWURPDJQHWLFILHOGIURPWKH'LUDFHTXDWLRQ+HDQDO\]HGWKHRSHUDWRURIWKHIRUFHLQFOXGLQJD
QHZWHUPRIWKHVSLQWUDQVYHUVHIRUFH I) ZHXVHQRWDWLRQVRI>@ZKLFKIROORZVIURPWKHQRQ
FRPPXWDWLYLW\ RI WKH VSLQRUELW LQWHUDFWLRQ WHUP %HORZ ZH ZLOO VKRZ WKDW WKH HTXDWLRQV RIPRWLRQ GHGXFHG LQ>@DUH LQFRUUHFWDQGZLOODGGXFHVHPLFODVVLFDO LHZLWKDQDFFXUDF\RI = 
H[SUHVVLRQ IRU WKHRSHUDWRURI IRUFHZKLFK DOVR FRQWDLQV D WHUPDQDORJRXV WR I) EXW WZLFH DV
ODUJHLQPDJQLWXGH)RUWKHVDNHRIVLPSOLFLW\OHWXVFRQVLGHUG\QDPLFVRIWKHHOHFWURQLQDVFDODU
SRWHQWLDO 9 LQ HOHFWULF ILHOG 9 H (  ZLWKRXW PDJQHWLF ILHOG { {$ %  7KHQ LQ WKHVHPLFODVVLFDOOLPLWWKHRSHUDWRURIIRUFHIURP>@UHDGV
             6KHQ 9 9 9 9 9PF P Fª º   u       u¬ ¼) Y Y= =  
,WLVWKHODVWWHUPLQ(TWKDWUHSUHVHQWVWKHVSLQWUDQVYHUVHIRUFH I) 
)LUVW RI DOO XVXDO FDQRQLFDO RSHUDWRU RI FRRUGLQDWHV U  LV XVHG DV DQ RSHUDWRU RIFRRUGLQDWHV RI WKH HOHFWURQ¶V FHQWHU LQ >@ +RZHYHU LQ WKH SUREOHPV ZKHUH WKH VSLQRUELWLQWHUDFWLRQ LVHVVHQWLDO WKHRSHUDWRURI WKHFRRUGLQDWHVRI WKHSDUWLFOH ZDYHSDFNHWFHQWHUKDV
WKH IRUP  U =Y ( >@ ZKHUH LQ WKH FDVH RI D QRQUHODWLYLVWLF HOHFWURQ >@
  P F uS( LV  68  %HUU\JDXJHSRWHQWLDO%HUU\FRQQHFWLRQLQWKHPRPHQWXPVSDFH
,QWURGXFWLRQ RI WKH RSHUDWRU Y OHDGV WR QRQFRPPXWDWLYLW\ RI FRRUGLQDWHV DQG SURYLGHV IRU
FRYDULDQFHRIWKHHTXDWLRQV>@$WWKDWWKHVSLQRUELWLQWHUDFWLRQWHUPLQWKHQRQUHODWLYLVWLF
+DPLOWRQLDQ RI WKH HOHFWURQ LV QRWKLQJ HOVH WKDQ WKH WHUP  S=( GRW VWDQGV IRU WKH IXOO WLPH
GHULYDWLYHZKLFKIROORZVIURPWKH%HUU\JDXJHSRWHQWLDO>@ :LWKWKHFRYDULDQWFRRUGLQDWHRSHUDWRU Y  DQGJDXJHSRWHQWLDOLQWKHPRPHQWXPVSDFH(  WDNHQLQWRDFFRXQWWKHYHORFLW\RI
WKH HOHFWURQ WDNHV WKH IRUP >@   9P P P F V{   u   u
S SY S = =Y -  +HUH
  L P F  u  u  S- ( ( (  LV WKH %HUU\ JDXJH ILHOG %HUU\ FXUYDWXUH DQG WKH VHFRQG
VXPPDQGLQWKHHTXDWLRQIRU Y UHSUHVHQWVWKHVRFDOOHG³DQRPDORXVYHORFLW\´ZKLFKLVWKHFDXVH
RI WKH LQWULQVLF VSLQ+DOO HIIHFW >@7KLV WHUP LVH[DFWO\ WZLFHDV ODUJHDV WKH VLPLODU VSLQRUELW WHUP WKDW IROORZV IURP WKH ³QDLYH´ QRQFRYDULDQW WKHRU\ >@ VHH >@ 7KH DGGXFHGHTXDWLRQ VKRZV WKDW WKH DQRPDORXV YHORFLW\ FDQQRW EH LQWHUSUHWHG DV D JDXJH SRWHQWLDO LQ WKHFRRUGLQDWHVSDFHDVLWLVGRQHLQ>@7KHDQRPDORXVYHORFLW\FRQWDLQVWKH%HUU\JDXJHILHOGLQWKH PRPHQWXPVSDFHEXWQRWDSRWHQWLDOLQWKHFRRUGLQDWHRQHDQGLWLVSUHFLVHO\VXFKIRUPRIWKH
HTXDWLRQRIPRWLRQWKDWSURYLGHVIRU  68  FRYDULDQFH
(PDLONBEOLRNK#PDLOUX
%\ XVLQJ WKH H[SUHVVLRQ IRU YHORFLW\ DQG VWDQGDUG +DPLOWRQLDQ + ZLWK WKH VSLQRUELWLQWHUDFWLRQ WHUP RQH FDQ FDOFXODWH WKH VHPLFODVVLFDO RSHUDWRU RI WKH WRWDO IRUFH )URP> @ P LP +  ) Y Y = ZHKDYH
         G9 9 9 9PF GW P F   u   u) Y= =  
ZKHUH  9 9 Y  7KHVHFRQG WHUP LQ(T UHVXOWV IURP WKHGLIIHUHQWLDWLRQRI WKHDQRPDORXV
YHORFLW\ DQG FDQ EH UHSUHVHQWHG DV    9 9PF WV Vª ºw§ ·u   u¨ ¸« »w© ¹¬ ¼Y=  7KLV WHUP GLIIHUVGUDVWLFDOO\ IURP WKH VHFRQG WHUP LQ (T EXW DOVR YDQLVKHV ZKHQ D KRPRJHQHRXV VWHDG\HOHFWULFILHOGLVDSSOLHG7KHODVWWHUPLQ(TUHSUHVHQWVDWUDQVYHUVHVSLQIRUFHDQDORJRXVWR
WKH ODVWWHUPRI(T I)  EXWWZLFHDVODUJHLQPDJQLWXGH$VLWLVQRWHGLQ>@WKLVIRUFHLVRI
D SXUHO\TXDQWXPQDWXUH LWFRPHVIURPWKHQRQFRPPXWDWLYLW\RI( LQWKHVSLQRUELW WHUPLQ
WKH +DPLOWRQLDQDQG- LQWKHDQRPDORXVYHORFLW\7KHWUDQVYHUVHVSLQIRUFHFDQQRWEHREWDLQHG
LI RQH VXEVWLWXWHV RSHUDWRU V IRU WKH FODVVLFDO VSLQ YHFWRU LQ WKH FRUUHVSRQGLQJ VHPLFODVVLFDOHTXDWLRQV DV LWZDVGRQH LQ >@7KLV IRUFHKDV WKH VDPH ILUVW RUGHURI VPDOOQHVV LQ = KRZHYHU LW LV RI WKH VHFRQG RUGHU LQ WKH HOHFWULF ILHOG VWUHQJWK DQG RQH VKRXOG HVWLPDWHDSSOLFDELOLW\RIWKHVHPLFODVVLFDODSSUR[LPDWLRQXQGHUFRQVLGHUDWLRQ7R FRQFOXGHE\XVLQJFRUUHFWGHILQLWLRQRIWKHRSHUDWRURIWKHHOHFWURQ¶VFHQWHUZHGHULYHGVHPLFODVVLFDOQRQUHODWLYLVWLFH[SUHVVLRQIRUWKHIRUFHRIWKHHOHFWULFILHOGDFWLRQZLWKVSLQWHUPVWDNHQLQWRDFFRXQW7KHREWDLQHGH[SUHVVLRQVXEVWDQWLDOO\GLIIHUVIURPWKH(TGHULYHGLQ>@ 7KXV WKH UHVXOWVRI >@ UHTXLUHGHWDLOHG UHYLVLRQSDUWLFXODUO\ LQ WKHFDVHZKHQDQ H[WHUQDOPDJQHWLFILHOGLVDSSOLHGDQGWKHVLWXDWLRQEHFRPHVPXFKPRUHFRPSOLFDWHG>@1HYHUWKHOHVVWKH EDVLFUHVXOWRIWKHSDSHU>@UHJDUGLQJWKHSUHVHQFHRIDQDGGLWLRQDOVSLQWUDQVYHUVHIRUFHLQWKH H[WHUQDO HOHFWULF ILHOG UHPDLQV TXDOLWDWLYHO\ WUXH RQO\ QXPHULFDO IDFWRU FKDQJHV LQ WKH
HTXDWLRQIRU I) 
7KHZRUNZDVVXSSRUWHGLQSDUWE\,17$6*UDQW1R
 646KHQ3K\V5HY/HWW  //)ROG\DQG6$:RXWKX\VHQ3K\V5HY  ,%LDO\QLFNL%LUXODDQG=%LDO\QLFNL%LUXOD3K\V5HY'  5*/LWWOHMRKQDQG:*)O\QQ3K\V5HY$  %66NDJHUVWDPKHSWK 60XUDNDPL11DJDRVDDQG6&=KDQJ6FLHQFH  .<X%OLRNK DQG <X3%OLRNK 3K\V /HWW $    .<X%OLRNK DQG9' )UHLOLNKHU3K\V5HY%  56KLQGRXDQG.,,PXUD1XFOHDU3K\VLFV%  $%pUDUGDQG+0RKUEDFKKHSWK .<X%OLRNK(XURSK\V/HWW 3K\V/HWW$LQSUHVV +0DWKXU3K\V5HY/HWW  -%ROWH DQG 6.HSSHOHU $QQ 3K\V 1<    +6SRKQ $QQ 3K\V 1< 67HXIHO$GLDEDWLF3HUWXUEDWLRQ7KHRU\LQ4XDQWXP'\QDPLFV6SULQJHU9HUODJ *6XQGDUDPDQG41LX3K\V5HY%  '&XOFHU<<DR DQG41LX3K\V5HY% 
